The evaluating mechanical performance of π-conjugated Polymer films has important significance for application in the micro electronic devices. In this work, authors studied micro mechanical performance of π-conjugated polymer, poly[2-methoxy-5-(2'-ethyl hexyloxy)-phenylene vinylene] used nanoindentation technique at room temperature and discussed effect of experimental parameter on the effective elastic modulus and hardness of MEH-PPV film. The experimental result indicates the estimating effective elastic modulus and hardness using O & P formula are correlative with load, holding time, and loading rate. Detail analysis in combination with related literature indicated the effective elastic modulus and hardness of MEH-PPV film are approximately 6.79±0.12GP, 0.37±0.16 GP, respectively. Furthermore, increasing the loading rate could decrease the effective elastic modulus and hardness, which was opposite comparing with typical polymer materials (poly (methyl methacrylate) (PMMA) etc ).
Introduction
Thin films constructed of π-conjugated polymer semiconductors have been widely applied to electroluminescence devices, field-effect transistors, and solar cells, etc [1] [2] [3] [4] . The flexibility of the thin film made of the π-conjugated polymers is one of the most attractive advantages among their inherent characteristics. It is known that the bending strain of these films could change macromolecular aggregated structure, and the effect of different molecular aggregation on their optical-electronic properties [5] . Thus it is important to examine the mechanical properties of these thin films for their application in the micro electronic devices. However, the mechanical properties and the influence of experiment parameters on mechanical properties of the thin films of π-conjugated polymers have not been reported. In recent years, the nanoindentation technique has been widely applied to study the micromechanical performance of the general polymers films, such as polymethylmethacrylate (PMMA), polystyrene (PS), etc. [6] . The rigid backbone and the flexible side chains are intrinsic characteristic for the π-conjugated polymer. In contrast with the typical polymer with flexible backbone, the difference of this chemical structure will induce the forming of different aggregated structure in solid. So, the thin film of the π-conjugated polymer is likely to have different responses to nanoindentation compared with general polymers. Furthermore, the investigation on the mechanical performance about the thin film of the conjugated polymers can provide basic data for application of conjugated polymers in organic electronics. These reasons prompt us to investigate the nanoindentation behaviour of π-conjugated polymer to obtain further understanding for different mechanical characterization of the π-conjugated polymer.
In this paper, we reported the nanoindentation behavior of MEH-PPV thin films under different applied load, holding time and loading rate, and discussed the difference of the nanoindentation behavior between MEH-PPV with rigid main chain and the polymer with flexible main chain. The result indicated that the values of the effective elastic modulus and hardness were larger than the actual value at an applied load of 300 μN. The displacement during holding time is relevant with a sample's creep behavior. The creep displacement at same holding time also increases with increasing loading. The unloading curves of different loading are parallel indicating that the contact stiffness (S) did not change basically under different applied force. Fig. 3 shows atomic force microscopy (AFM) images of residual indentation under different loads. An obvious feature was the formation of piling-up at indentation edges, and the extent of piling-up increased with the increase of load. The piling-up caused deviation of the effective elastic modulus and hardness comparing with the true value due to the change of calculational area using O&P procedure [9] . The effective elastic modulus and hardness versus the applied load for MEH-PPV films are shown in Fig.4 . The estimated values of the effective elastic modulus and hardness using O&P formula increased with increasing load, which may owe to the phenomenon of the pileup and the effect of substrate [9] . When the ratio of the indentation depth and the thickness of film is less than 0.1, the effect of substrate on the effective elastic modulus and hardness can be neglected. Here, the load of 100 μN is considered to meet the foregoing requirement. The result indicated that the effective elastic modulus and hardness under the load of 100 μN were close to actual values. Here, the effective elastic modulus and hardness of MEH-PPV film are 6.79 GP, 0.37 GP, respectively.
Results and Discussion

Effect of applied load
Effect of holding time
The longer holding time can suppress the effect of the viscoelasticity on mechanical behavior of polymer. The effect of different holding time at maximum load on the deformation behavior of the MEH-PPV films is shown in Fig 5. a. The hold time is from 20s to 40s, 60s and 80s, respectively. The maximum indentation depth from 193nm increased to 202nm, 210nm and 214nm, respectively. Increasing holding time led to the increase of the maximum indentation depth, and the increased value decreased gradually. The curve of the creep displacement -holding time is shown in Fig.5 .b.The creep of MEH-PPV film is depressed gradually with the increase of holding time. Fig. 6 shows the curve of the holding time versus the effective elastic modulus and the hardness. As the holding time increased, the effective elastic modulus and the hardness were depressed. For a long holding time at a higher load ,the indentation depth increases due to the creep effect and results in a lower hardness [10] .When a holding time of 40 s at a maximum load was adopted, the effective elastic modulus decreased 13% and the hardness decreased 34% compared with a holding time of 20s. However, when the holding time was greater than 60s, the effective elastic modulus and hardness converged to a relatively constant value. This is due to the effect of overshoot caused by the viscous flow and the inertial motion of the indenter [11] .
Effect of loading rate Fig.7 . depicts the force-displacement curves of MEH-PPV films under different loading rate. During the loading part, the maximum indentation depth increased with the increase of loading rate, which shows opposite rule comparing with other polymers. The results may be due to its own MEH-PPV glass transition temperature ( T g ). The T g of MEH-PPV is about 78 0 C, which is far above room temperature [12] . The relationship between the loading rates, the effective elastic modulus and the hardness at an applied load of 200 μN is shown in Fig.8 . The results indicated that the effective elastic modulus and the hardness decreased with increased loading rate, which was opposite compared with typical polymer materials. In theory, the sensitivity of modulus to loading rate is greatly diminished when the temperature is much lower than the glass transition temperature [12] . As Fig. 7 indicates, the greater loading rates lead to a bigger displacement, which may result in the decrease in effective elastic modulus. The chains in an amorphous polymer are more likely to rearrange in order to lower the energy of the surface, thus resulting in a more organized surface layer possessing a higher elastic modulus than the bulk [11] . 
Conclusions
The nanoindentation characteristic of MEH-PPV polymer films were studied by nanoindentation experiment. The estimated extra effective elastic modulus and the hardness values of the MEH-PPV films under different applied load, loading rate, and hold time were discussed. The results indicated that increasing the applied load would increase the effective elastic modulus and the hardness of MEH-PPV polymer due to the effect of pile-up and substrate. The creep of MEH-PPV film is depressed gradually with the increase of holding time. Based on the detail analysis in combination with related literature, it indicates the effective elastic modulus and hardness of MEH-PPV film are approximately 6.79 GP, 0.37 GP, respectively.
Experimental Section
Preparation of MEH-PPV film
MEH-PPV was synthesized using Gilch route as described elsewhere [7] . A number average molecular weight of MEH-PPV of approximately 3.58×10
4~1
.28×10 5 g/mol with a polydispersity of 3.58 was obtained. Powdery MEH-PPV was dissolved in solvent of toluene, then MEH-PPV film was prepared by spin-coating on previously cleaned quartz substrates. The thickness of the MEH-PPV films (approximately 1100 nm.) was measured using an Alpha-Step IQ surface profilometer.
Measurement of mechanical properties
The micromechanical performances of the MEH-PPV films were characterized using a nanoindenter (Triboindent, American Hystron) equipped with Berkovich diamond tip of nominal radius of curvature equal to 50 nm. A trapezoidal loading function was used in all the experiments. In order to avoid "nose phenomenon" which was induced by viscoelasticity of polymer, the holding time was fixed at longer time than 20 s in all experiments [8] .
